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ABSTRACT 

Globally, there are concerns of increasing incidence of antimicrobial resistance (AMR). 

However, there is limited literature on antibiotic medicine-related problems that may 

exacerbate the risk of AMR. The aim of this research was to assess the pharmaceutical 

quality, availability and use of antibiotic medicines and the associated adverse drug 

reactions in Southern Malawi. We tested the quality of 293 medicine samples from Zomba, 

Machinga and Nsanje districts and retrospectively reviewed 304 patient files to evaluate 

the clinical outcomes. Data on medicine availability was collected from stock cards. The 

prevalence of substandard medicines among antibiotics was 25.4% and were associated 

with local manufacturing and plastic primary packaging, p<0.01. Over six months, the 

antibiotic stock outs were 12.5%, 64.3% and 85.7% for Zomba, Machinga and Nsanje 

respectively. Adherence to treatment guidelines was lower for antibiotics that were stocked 

out than those that were not stocked out, p< 0.002. About 75% of prescribed antibiotics 

were from the watch class. The ADR prevalence was 24% of which 27% were serious 

events. The ADR occurrence was associated with age, polypharmacy and length of hospital 

stay, p<0.005. Patients who received antibiotics with optimal content of the active 

pharmaceutical ingredient (API) had higher rates of both ADR occurrence and patient 

recovery as compared to the patients who received antibiotics with lower than the required 

API content. However, the differences were not statistically significant. In summary, the 

study revealed that high prevalence of SF antibiotic medicines, overuse of watch 

antibiotics, poor adherence to standard treatment guidelines and occurrence of ADRs are 

serious problems affecting antibiotic therapy. These problems need to be tackled as part of 

antimicrobial stewardship and pharmacovigilance strategies in Malawi.  
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CHAPTER ONE: INTRODUCTION 

1.0 Chapter overview 

This chapter introduces the scope of this study and summarizes the reviewed literature. The 

available international and local pharmacovigilance structures including the Program for 

International Drug Monitoring (PIDM) and the operations of the National 

Pharmacovigilance Centre (NPC) are also explained in the chapter. The chapter explores 

the global burden of medicine related safety issues such as adverse drug reactions, loss of 

efficacy, substandard and falsified medicines, and antimicrobial resistance. We also 

highlight the historical background, basic principles and current practices and regulatory 

frameworks for pharmacovigilance, which is key to the timely detection, assessment and 

prevention of medicine related problems and other patient safety issues.  

1.1 Background of the study 

Medicine-related harm (MRH) is a global health concern [1]. About 10% of patients in 

high income countries (HICs) experience MRH [2]. Medicine safety data in Low-middle 

income countries (LMICs) including Malawi is limited. However, several factors such as 

inadequate resources, poor health care practices and inefficient health systems suggest a 

higher burden of MRH in LMICs than HICs [3ï6]. In response to the increasing incidences 

of MRH, the World Health Organization (WHO) has been working with member states to 

develop evidence-based strategies that can mitigate various challenges to achieving safe 

and efficacious medication and ensuring quality of medicines [7]. Medicine related 

problems include, among others, adverse drug reactions (ADRs), medication errors, 

medicine abuse, loss of efficacy, antimicrobial resistance, and product quality defects.   
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Complementary to other initiatives, the WHO launched óMedication Without Harmô as a 

third global patient safety challenge in 2017. This involved a high-level ministerial 

engagement to table national and global plans for improving the safety of medicines. The 

goal was to mitigate the burden of MRH by at least 50% by 2022 [8]. In order to achieve 

this, it requires high level coordination by WHO and commitment of member states through 

stakeholders such as medicine regulatory authorities, the academia, health facilities and 

other professional bodies in strengthening national pharmacovigilance systems [1,9].  

1.1.1 Pharmacovigilance 

WHO defines pharmacovigilance (PV) as the óscience and activities relating to the 

detection, assessment, understanding, and prevention of adverse effects or any other 

possible drug-related problemsô [10]. PV aims at early detection of medicine-related 

problems, sharing the information globally, and establishing risk minimization strategies. 

The concept of PV was started in the early 1960ôs due to Thalidomide Tragedy. 

Thalidomide is now marketed as an immunomodulator for the treatment of various forms 

of cancer including multiple myeloma [11]. Previously, the medicine was commonly used 

as a non-barbiturate sedative and an anti-emetic [12]. The use of the medicine for morning 

sickness during pregnancy was first associated with phocomelia by an Australian 

physician, Dr Mc Bride who observed increased incidences of babies born with deformed 

limbs and multiple bone deformities among women who were exposed to the medicine 

[13]. The events were also confirmed by independent observations in other different 

countries including Germany. More than 10,000 new-born babies in more than 40 countries 

were affected by Thalidomide leading to withdrawal of the medicines from the market in 

1961 [14,15].  
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1.1.2 WHO Program for International Drug Monitoring  

Following the Thalidomide tragedy, WHO established a program for international drug 

monitoring (PIDM) in 1968 [16]. This is a system for collaborating global monitoring and 

reporting adverse drug reactions (ADRs) and adverse events following immunization 

(AEFI). The centre was established in Geneva, Switzerland and later moved to Uppsala in 

Sweden, now officially referred to as the Uppsala Monitoring Centre (UMC). Member 

countries collect Individual Case Safety Reports (ICSRs) through National 

Pharmacovigilance Centres (NPC). These reports are commissioned into the WHO-UMC 

database which is referred to as VigibaseÈ. The reports are analyzed and shared among all 

other member states for action [17,18]. WHO also plays an advisory role on 

implementation of risk minimization plans though the Advisory Committee on Safety of 

Medicinal Products (ACSoMP) [19].   

Over the past decades, the scope of PV has been extended from focusing only on adverse 

drug reactions to other medicine related problems such as product quality defects, 

inappropriate use of medicines, medication errors and antimicrobial resistance [20].  

1.1.3 WHO Global Surveillance and Monitoring System for Substandard and 

Falsified Medical Products 

Quality of pharmaceutical products is another major concern. Poor quality medicines are 

associated with higher risk of ADRs and other problems such as lack of efficacy [21]. The 

WHO coordinates monitoring of defective medical products through the Global 

Surveillance and Monitoring System (GSMS) [22]. This was established in 2012 as a 

separate arm and had 126 member states as of 2017. Through the initiative, WHO trained 

more than 500 personnel under various Regional or National Medicine Regulatory 
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Authorities on conducting post marketing surveillance of medicine quality. The trained 

personnel work as WHO focal persons who receive reports within the country or region, 

conduct preliminary investigations and report cases of poor quality products to the GSMS 

[23]. More than 1500 reports of suspected substandard and falsified medicines had been 

reported to the GSMS between 2013 and 2017, of which 42% were from African, 21% 

European, 21% America, 8% Western Pacific, 6% Mediterranean, and 2% South East Asian 

region [24].  

1.1.4 Pharmacovigilance challenges in Africa  

Pharmacovigilance principally relies on good safety data collection systems. This requires 

strong collaborations among countries or regions, and partnership among various 

professionals and public health programs [25]. Although significant progress has been 

made over the past decades globally, African countries are lagging in terms of monitoring 

of medicine safety [26]. Since 1968, when founding members namely: Canada, Australia, 

Germany, Ireland, Czechoslovakia, Netherlands, New Zealand, United States of America 

(USA) and  United Kingdom (UK) formed the PIDM, African countries started joining the 

program in 1992; 24 years later [17]. The first African countries to join PIDM were 

Morocco and South Africa, followed by Tunisia and Tanzania in 1993.  

In most LMICs including Malawi, PV systems are not fully functional due to poor 

regulatory frame work, lack of qualified staff in PV, failure to allocate adequate funding 

for PV, and lack of integration of essential public health programs with PV [27]. In addition, 

ADR reporting rate is very low in most of African countries. For instance, by 2015 Africa 

contributed to only <1%  of the total 12 million ICSRs which were submitted to the 



р 
 

VigibaseÈ [17]. Furthermore, none of the African countries met the WHO requirement of 

reporting at least 200 reports per million population[28].  

Malawi joined the programme as an associate member in 2016 as the 135th country out of 

the current 155 member states of the PIDM and later became a full member in 2019 [29]. 

Over the years, the PV centre have been conducting trainings and awareness campaigns on 

pharmacovigilance principles and practices including the detection and reporting of  

suspected ADRs and medicinal product quality defects [29]. Further, safety reporting forms 

were designed and made accessible to health care workers and the public. These PV 

strategies aim at improving the number of safety reports received at the national PV centre 

so that preventative measures are taken in a timely manner [27].  

1.2 Problem statement 

There is a high burden of antibiotic resistance in Malawi [30ï32], but data on antibiotic 

medicine-related problems is limited.  

Previous studies reported presence of substandard and falsified medicines including 

antibiotics in Malawi between 2014 and 2017 [33ï37] with a median prevalence of 24.6% 

(range 12.5-88.4%). The variability in the previous findings would be due to the highly 

dynamic pharmaceutical market which responds to a number of factors such as disease 

burden, standard treatment guidelines, regulatory policies and enforcement [38]. The 

Pharmacy and Medicines Regulatory Authority (PMRA) established the NPC and became 

a full member of the Program for International Drug Monitoring (PIDM) in 2019. There is 

a need to evaluate if PV programs are helping to reduce the burden of SF medicines in 

Malawi. Furthermore, no study has assessed the clinical outcomes associated with the use 

of SF medicines among patients.  
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Appropriate use of antibiotics improves patient outcomes and reduces the risk of antibiotic 

resistance. LMICs face several challenges that hinder the implementation of antimicrobial 

stewardship strategies. These include:  lack of knowledge among health practitioners, 

limited resources to enable proper diagnosis and high prevalence of substandard antibiotic 

medicines [39ï41]. In addition, the unstable supply of essential medicines in LMICs 

influence inappropriate selection of antibiotic medicines [42]. Studies done in Malawi have 

revealed unstable supply of essential medicines including antibiotics [43,44]. However, the 

impact of availability of antibiotics on prescribing pattern in Malawi also remains 

unknown.  

Knowledge on the quality of antibiotic medicines, factors that affect inappropriate use of 

medicines and the associated clinical outcomes are critical in coming up with strategies for 

improving delivery of patient care and curbing antibiotic resistance. 

1.3 Justification 

1.3.1 Rationale for focusing on antibiotic medicines 

1.3.1.1 High burden of bacterial infections 

Bacterial infections are amongst the leading causes of mortality globally [45]. Nearly 13% 

of deaths around the world are attributed to bacterial infections [46]. The burden of 

bacterial diseases is disproportionally higher in low-middle income countries including 

Malawi [47]. This is attributable to poor living conditions which are characterized by: 

malnutrition, indecent housing, lack of clean portable water, poor hygiene and sanitation, 

and lack of health education and quality health services [48]. In 2019, a bacterial infection-

related mortality rate of 230 deaths per 100,000 population was reported in Sub-Saharan 
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Africa. This was significantly higher than high-income countries which reported a 0.2 fold 

lower mortality rate of 52.2 death per 100,000 population [46].  

1.3.1.2 Presumed demand for antibiotic medicines 

The high prevalence of infectious diseases in LMICs has led to overuse and misuse of 

antibiotics [49ï53]. Studies have reported that antibiotic medicines are prescribed to more 

than 60% of patients who visit a health care facility in LMICs [54ï57].  Klein et. al 

analyzed the global antibiotic consumption between 2000 and 2015 and found that there 

was a significant correlation between the consumption of antibiotics and countryôs gross 

domestic product (GDP) per capita. During the study period, antibiotic consumption rate 

in LMICs  increased by more than 100%, while high income countries(HICs), reported 

only a 6% increase in antibiotic medicine consumption [58]. Further, it is estimated that 

antibiotic consumption would increase further by 200% (From 43 billion defined daily 

doses (DDDs) to 168 DDDs) by 2030, if no intervention will be applied [58]. Among the 

most used antibiotics in LMICs are penicillins, cephalosporins, quinolones, 

Nitroimidazoles and macrolides [58,59].  

1.3.2. Comparison of antibiotics with other medicine classes 

Studies have shown that due to the differences in disease burden and lifestyles, the burden 

of SF medicines is higher for medicines used for the treatment of infectious disease 

especially antibiotics and antimalarials in LMICs, while in high-incomes countries the 

major concern is for medicines which are used for treatment of non-communicable diseases 

[60,61]. However, Malawi also faces an increasing burden of non-communicable diseases 

such hypertension and diabetes [62,63]. Thus, to comprehensively understand the problem, 
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it is also important to compare the quality of antibiotic medicines with the other medicine 

classes.  

1.3.4 Concerns of antibiotic resistance 

There are concerns of increasing incidences of antibiotic resistance due to the haphazard 

use of antibiotic medicines [64,65]. In 2019, it was estimated that about five million deaths 

were associated with antibiotic resistance globally. Death associated with antibiotic 

resistance was highest in sub-Saharan Africa, with 98.9 deaths per 100,000 while in high-

income countries the rate was 55.7 deaths per 100,000 [66]. The high burden of antibiotic 

resistance in low-middle income countries (LMICs) is attributed to both high and 

inappropriate use of antibiotics [67]. With increased exposure to antibiotic medicines, 

bacteria tend to reduce the effectiveness of the medicines through molecular mechanisms 

such as bio-inactivation of the active compounds, alteration of the target molecules, 

reducing the permeability to the medicines and blockade of the metabolic pathways [68]. 

In LMICs, AMR is further perpetuated by the weak regulations and antimicrobial 

stewardship, self-medication by the public, lack of compliance to prescribed antibiotic 

treatments, poor quality of antibiotic medicines, and inappropriate antibiotic use [69].  

1.4 Study aims and objectives 

1.4.1 Broad Objective 

To assess the quality, availability and use of antibiotic medicines and the associated clinical 

outcomes in Southern Malawi 
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1.4.2 Specific Objectives 

I. To assess the factors associated with substandard and falsified antibiotics and 

other selected medicine classes (antimalarials, antihypertensives and 

antidiabetics)  

II. To evaluate the effect of antibiotic medicine availability on adherence to 

standard treatment guidelines 

III. To characterize adverse drug reactions related with antibiotic therapy  

IV. To determine the association between the substandard and falsified antibiotic 

medicines and clinical outcomes 
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CHAPTER TWO: LITERATURE REVIEW 

2.0 Chapter overview 

This chapter focuses on the pharmacovigilance methods and how they are applied in 

various studies to evaluate medicine-related problems (MRPs). It covers various MRPs 

including adverse drug reactions (ADRs), substandard and falsified (SF) medicines and 

medication errors.  

2.1 Pharmacovigilance Methods 

2.1.1 Passive pharmacovigilance methods 

Spontaneous reporting is the most widely used method for collection of safety data in real 

life situations. Health care workers, patients or members of the public associates an 

observed adverse event with a medicinal product and voluntarily reports to the regulatory 

authorities [70]. National Pharmacovigilance Centres (NPCs) use data from spontaneous 

reports to generate safety signals. In PV, a signal refers to new information from one or 

multiple sources which suggests a causal association between a treatment and an adverse 

effect [71].  

A spontaneous report is an unsolicited communication from an individual (such as a 

healthcare worker or patient) to a company or a regulatory authority that describes a 

suspected adverse drug reaction or any other medicinal product-related problem [72]. 

Despite the low costs associated with spontaneous reporting, under-reporting is one of the 

major problems [73]. This is due to a number of factors including lack of knowledge, 

complacency, fear of litigation and heavy workload among health care providers [74].  
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2.1.2 Active pharmacovigilance methods 

Active surveillance methods are initiated to complement spontaneous reporting. These 

methods aim at achieving a higher number of safety reports in a more organized fashion or 

to confirm a hypothesis that was generated through spontaneous reporting. Active 

surveillance is done through several ways such as sentinel site surveillance, targeted 

reporting, intensified reporting, linkage of hospital records, cohort event monitoring and 

epidemiological research methods [75].  

2.1.3 Application of trigger tools in active surveillance 

Detection of adverse drug reactions is a challenging [76]. Most ADRs present in a similar 

manner to disease signs and symptoms. In addition, health care workers may struggle to 

associate a medicine to an ADR with long time to onset [74,77]. Trigger tools are used in 

clinical settings for rapid screening of patient case management files to enhance detection 

of adverse events. They comprise of a list of pre-defined clues that indicate a possible harm 

in a patient such as de-challenge, ordering of new medicines and dose titration [78].  

In 2000, the Institute for Healthcare Improvement (IHI) through a group of academic and 

clinical experts began to develop lists of triggers which were tailored to specific clinical 

sites and fields. Later these were combined to form the IHI global trigger tool which can 

be largely used at hospital level and for research purposes [79]. The global trigger tool 

comprises of a comprehensive list of clues such as switching or abrupt stop of medication, 

prescribing of new medicines such as antidotes, dose titration and lack of efficacy [80].  

2.2 Adverse drug reactions 

The WHO defines an adverse drug reaction (ADR) as óa response to a drug that is noxious 

and unintended and occurs at doses normally used in man for the prophylaxis, diagnosis, 
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or therapy of diseases or for modification of physiological functionô [81]. This definition 

is limiting as it excludes harm caused by a medicine due to medication errors, medicine 

misuse or abuse and occupational exposure. However, the WHO definition is suitable for 

characterizing events that occur when the product or medicinal agent is used within the 

terms of the marketing authorization [82]. In 2000, Edwards and Aronson expanded the 

ADR definition to an óappreciably harmful or unpleasant reaction resulting from an 

intervention related to the use of a medicinal product, which predicts hazard from future 

administration, and warrants prevention or specific treatment, alteration of dosage regimen, 

or withdrawal of the product [83]. 

ADRs  have serious negative impact on the patient and health care system[84]. Globally, 

about 24% of older adult patients [85] and 8% of patients receiving primary health care in 

Europe and United States of America experience at least one ADR [86]. About 5-8% % of 

ADRs are serious [87] and at least 1% of ADRs lead to patient death [88]. ADRs have also 

been reported to cause hospitalization or lead to prolonged hospitalization in almost 10% 

of patients [89,90]. Usually, ADRs are managed through switching of therapy, and in some 

cases prescribing new medicines in order to counter the adverse effects. This contributes 

to increased total cost of treatment [83]. The total cost of ADR treatment is estimated at 

$30 billion in the USA [91] and Ã2.2 billion in the UK [92].  

2.2.1 Classification of adverse reactions 

ADRs are characterized based on the nature, mechanism of action, severity, and 

preventability. Rawlins and Thomson categorized ADRs into two major classes: 

Augmented and Bizarre ADRs.  
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2.2.1.1 Augmented ADRs (Type A) 

Type A ADRs are most prevalent and account for >80% of ADRs [93]. They are predictable 

based on the pharmacological properties of the medicine. Usually, they present as 

exaggerated known effects or secondary effects of the medicine [94]. For example, the 

occurrence of bleeding following warfarin administration is pharmacological plausible and 

dose related [95].  

2.2.1.2 Bizarre ADRs (Type B) 

Type B are rare ADRs and are not easily predictable as they do not have a direct relationship 

with the pharmacological properties of a medicine [96]. Mechanisms of type B ADRs are 

either immunological or idiosyncratic. Most of them are complex to manage, present with 

life threatening symptoms and are associated with high mortality [97,98]. Examples 

include Steven Johnsonôs Syndrome (SJS) or Toxic Epidermal Necrolysis (TEN) following 

administration of allopurinol [97].   

2.3 Medicine quality 

Substandard and falsified (SF) medicines are global public health concerns [99]. 

Substandard medical products are also referred to as óout of specificationô products [24]. 

These are ñauthorized medical products that fail to meet either their quality standards or 

specifications or bothò [100]. This is caused by limitations during manufacturing processes 

or post-production degradation, for instance due to subjection to poor handling and storage 

[101]. On the other hand, falsified medical products are ñmedical products that deliberately 

or fraudulently misrepresent their identity, composition or sourceò [100]. Undesirable 

characteristics of SF medicines such as inadequate content of active pharmaceutical 
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ingredient (API), may lead to harmful effects such as lack of response to treatment, adverse 

drug events, mortality, and antimicrobial resistance [102].  

In 2017, WHO estimated that the prevalence of SF medicines was 10.5% [24]. The burden 

of SF medicines is high for African countries with a prevalence of 18.9%. For  Asian 

countries, the prevalence is about 10.2%, while for other countries (especially HICs), the 

prevalence is as low as below 1% [60].  

2.3.1 Techniques for detecting SF medicines 

Various techniques are used to evaluate the quality of medicines. Official tests are designed 

to evaluate medicine specifications as defined in official pharmaceutical literature such as 

the Pharmacopeia. Such tests include quantification of active pharmaceutical ingredients 

(API), evaluation of weight variation and dissolution test.  

2.3.1.1 Screening techniques 

Not all quality parameters require sophisticated laboratory equipment for testing. Fast and 

affordable but effective methods are available for screening purposes.  

2.3.1.2 Visual Inspection 

Assessment of physical characteristics for dosage forms is widely used as part of in-process 

controls, evaluation of finished products and during post-marketing surveillance. Any 

formulation defects such as presence of breakages, cracks or abrasions, non-uniformity of 

color or shape, and presence of microbial or particulate contaminants may indicate 

significant quality problems. Dosage form units are visually inspected for such defects 

including integrity of packaging and labelling, organoleptic properties such as smell and 

flavour to detect quality problems [103].  
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2.3.1.3 Thin layer chromatography (TLC) 

TLC is an analytical technique that separates non-volatile compounds based on the 

differential affinities towards a stationery and mobile phase [104]. Liquid extraction is first 

applied to extract the API from pharmaceutical formulations. The solutions containing the 

API are spotted on a solid stationary phase such as silica or alumina gel matrix plate (also 

referred to as chromatoplates). Spotted plates are placed in a development chamber 

containing appropriate solvent or solvent mixture (mobile phase). The mobile phase elutes 

the compounds spotted in the chromatoplate depending on their relative affinity [105]. The 

retention factor (Rf value) of the sample spot is compared to the standard to confirm the 

identity of the API. The Rf value is calculated using the formula:  

ὙὪ ὺὥὰόὩ
ὈὭίὸὥὲὧὩ ὸὶὥὺὩὰὰὩὨ ὦώ ὧέάὴέόὲὨ

ὈὭίὸὥὲὧὩ ὸὶὥὺὩὰὰὩὨ ὦώ ίέὰὺὩὲὸ Ὢὶέὲὸ
 

 

In principle, the distance travelled by the principal spot confirms the identity of the 

compound if it is equal to distance travelled by the standard. On the other hand, the size 

and intensity of the spot indicates the relative content of API in the formulation. Generally, 

ultraviolet (UV) active compounds are visible under UV light (usually 254nm and 366nm). 

For non-UV active compounds, various staining techniques such as iodine and ninhydrin 

staining are used to visualize the spots [106].  Figure 1 below illustrates the principle of 

TLC and the detection of sample spots under UV light and iodine staining.  
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Figure 1 Principle of Thin Layer Chromatography (TLC) 

A. TLC visualization using iodine staining. A sample drug is spotted in triplicate (labelled 1, 2 and 3) between a 100% 

concentration standard(left) and 80% concentration standard (right). The retention factor value (rf value) is used for 

detection, while the size of the spots represents an estimated concentration of the active ingredient. B. TLC 

visualization under ultraviolet light.  

2.3.1.4 Disintegration time test 

The bioavailability of a medicine is dependent on the disintegration and subsequent 

dissolution of the formulation [107]. Disintegration time test is a screening method used to 

predict the ability of the formulation to demonstrate adequate dissolution [108]. To perform 

disintegration test, dosage units are placed in baskets containing perforated floaters. The 

baskets are raised and lowered into a chamber containing water or simulated gastric fluid 

at 37oC. The time taken for the dosage unit to completely break down is recorded [109].  
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2.3.1.5 Confirmatory test methods 

Pharmacopeial methods are gold standards for evaluating quality of medicines [110]. Thus, 

medicines suspected to be of poor quality upon screening are supposed to be confirmed by 

official pharmacopeial methods to ensure reliability of the results. 

2.3.1.6 High performance liquid chromatography (HPLC) 

HPLC is a highly sophisticated chromatographic technique widely applied in analytical 

chemistry [111]. Its principle is based on separation of compounds in a column containing 

tightly packed polymeric solid phase using a mobile phase that is pumped through the 

column at very high pressure. The separation column in HPLC is composed of material 

with very small pore sizes, thereby increasing the separation efficiency. Compounds are 

eluted from the column at different times based on their polarity. Eluted compounds are 

subjected to a detector such as ultraviolet/visible (UV/Vis) spectrophotometer or diode 

array detector (DAD) which quantifies the compounds by measuring the absolute 

absorbance under a pre-defined and set wavelength [112].   

2.3.1.7 Dissolution 

Solid dosage forms must be changed into solution form in vivo to allow adequate 

absorption and distribution to the site of action. Dissolution measures the release of the 

API from the formulation under simulated conditions using a dissolution test apparatus 

[107]. Dosage units are placed in dissolution vessels filled with appropriate solvents and 

agitated for 30-60 minutes using a basket (apparatus I) or paddle stirrer (apparatus II). 

Samples are taken and subjected to pharmacopeial assay (e.g. HPLC assay) to measure the 

absolute quantity of the dissolved drug [113].  
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2.4 Medication errors 

The US National Coordinating Council for Medication Error Reporting and Prevention 

(NCCMERP) defines a medication error as óany preventable event that may cause or lead 

to inappropriate use or patient harm while the medicine is under control of the health care 

professional, patient, or consumerô [81]. Medication errors can occur at any stage of 

medication such as prescribing, preparation, dispensing, administration, and monitoring. 

Medication errors may be in different forms such as wrong dose, missed dose, or skipped 

patient monitoring [114].  

Medication errors are an important cause of MRH [115]. About 50% of preventable MRH 

are caused by medication errors [116]. Medication errors affect over 7 million patients in a 

year. At least one patient dies in a day due to medication errors in the USA [117]. 

Medication errors are also associated with negative economic impacts [118]. The total cost 

of managing medication errors is estimated between 5 to 21 billion pounds in Europe alone 

[116]. There is limited data on the prevalence of medication errors in LMICs, but it is 

estimated that impact associated with medication errors would be more than 2-fold in terms 

of mortality [117].  

2.5 Importance of standard treatment guidelines  

Poor health care practices, inadequate resources such as medicines and health care 

professionals and poor communication among health care workers are among the factors 

contributing to high incidence of MRH especially in LMICs [119,120]. Standard treatment 

guidelines (STGs) provide evidence-based guidance on systematic prescribing, dispensing, 

administration of medicines and necessary patient monitoring [121]. This improves rational 

use of medicines, quality of care and significantly reduces the incidence of medication 
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errors, adverse drug reactions and mortality [121]. Further, STGs help in achieving more 

accurate forecasting of medicine demand and improve efficiency in the medicine supply 

chain. This therefore, helps to reduce medicine stock outs and health costs [122].  
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CHAPTER THREE: MATERIALS AND METHODS 

3.0 Chapter Overview 

In this chapter, we provide details of the approach taken to address each research question 

in this study. We here discuss the design of the studies and how the study places were 

selected, description of study populations and applied sampling methods and calculation 

of the sample size. The chapter also provides details on how data was collected, managed 

and the statistical analysis applied to answer each research question.  

3.1 Study Design and Setting 

The studies in this thesis combined cross sectional and retrospective study designs. All 

studies were conducted in Zomba, Machinga and Nsanje districts. The districts were 

randomly sampled among the 13 districts in southern region of Malawi using RAND 

function in Microsoft Excel. For each district, we targeted to select a district hospital 

(secondary hospital), four public primary health facilities (health centres), four faith-based 

primary health facilities and four private pharmacies by stratified random sampling. Since 

Zomba district does not have a district hospital, we included Zomba Central Hospital. 

Further, there were only three faith-based primary health care facilities in Nsanje district, 

and only two private pharmacies (one in Zomba and another one in Machinga) permitted 

us to conduct the study at their premises. Thus, the studies were conducted in 29 health 

facilities.  

Study I was conducted in all public, faith-based, and private health facilities at all levels of 

care (primary, secondary, and tertiary level health facilities). Study II, III and IV involved 

hospitalized patients and therefore, were conducted at Zomba Central Hospital, Machinga 
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and Nsanje District Hospitals. This is because primary level facilities do not have inpatient 

care services. The other facilities were included in Study I were Nkasala, Thondwe, 

Machinjiti, St Lukeôs, Makwapala, Chamba, Mayaka, Matiya health centres and Good 

Health Pharmacy in Zomba; Chididi, Mbenje, Tengani, Phokera, Kalemba, Sankhulani, 

and Trinity in Nsanje; and Med Bag Pharmacy, Gawanani, Machinga, Mpiri, Mposa, 

Chikweo, Namandanje, Namanja and Nayuchi health centres in Nsanje. The geographical 

distribution of the study sites is shown in Figure 2 below. 

 

Figure 2 Map of Southern Malawi showing geographical distribution of study sites 

Created by ArcGIS https://www.arcgis.com/index.html# 

3.2 Population and sample size 

Apart from bacterial infections, malaria is another common disease which is endemic 

across the country affecting both children and adults [123]. Over the past decade, there has 

also been an increase in the prevalence of non-communicable diseases such as hypertension 
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and diabetes [62,63]. We therefore compared the prevalence of SF antibiotics with 

antimalarials, antihypertensives and antidiabetics in study I. A total of 293 medicine 

samples of commonly used medicines among antibiotics, antimalarials, antihypertensives 

and antidiabetics were sampled. Our definition of a sample was: part of a medicine batch 

(minimum of 20 dosage units) collected at a particular facility at a specified point in time. 

The selection of the medicines was in accordance with the Malawi Essential Medicines 

List (MEML) and the Malawi Standard Treatment guidelines (MSTG) of 2015, which was 

the latest version at the time of study. We included oral medicines used as first line or 

alternative treatments for common bacterial infections, malaria, hypertension and diabetes 

mellitus type II in Malawi [124]. For antimalarial medicines, further guidance was sourced 

from the Malawi National Malaria Guidelines 2013 [125] that result in addition of 

Malawiôs second line antimalarial medicine (artesunate/amodiaquine) and first line 

antimalarial for pregnant women (Quinine oral tablets). Medicines included in the study 

were: amoxicillin, azithromycin, cefuroxime, ciprofloxacin, flucloxacillin among 

antibiotics; quinine, fixed dose combination of artemether/lumefantrine, 

artesunate/amodiaquine, sulfadoxine/pyrimethamine among antimalarils amlodipine, 

atenolol, Enalapril, methyldopa and Hydrochlorothiazide among antihypertensives; and 

metformin and glibenclamide among antidiabetic medicines.  

Study II, III and IV involved hospitalized adult patients. A total of 322 patient records were 

randomly sampled across the three facilities. Sample size was determined using a single 

population proportion formula n=p(1-p) *Z2/d2 [126]. We assumed 30% as expected ADR 

prevalence (p) [127], 0.05 margin of error (E) and 1.96 Z value corresponding to 0.05 

significance level.  
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3.2.1 Inclusion Criteria 

¶ Hospitalized patients in the medical ward. 

¶ Age Ó 18 years old. 

¶ Prescribed antibiotic medicines as the main treatment 

3.2.2 Exclusion criteria 

¶ Medical records with missing information such as medication charts and 

demographic data.  

¶ Readmissions where previous medical records were not available. 

On the availability of antibiotic medicines, we purposively selected 16 antibiotic medicines 

among the first- and second-line recommended treatments for common bacterial infections 

in Malawi as stated in the latest edition of Malawi Standard Treatment Guidelines (MSTG) 

[124]. We included gentamicin, ceftriaxone, erythromycin, azithromycin, clarithromycin, 

metronidazole, amoxicillin, cloxacillin, flucloxacillin, benzyl penicillin, benzathine 

penicillin, ciprofloxacin, nalidixic acid, co-trimoxazole, doxycycline and meropenem. 

Unlike the other antibiotics, meropenem and clarithromycin are purportedly only found in 

tertiary level hospitals, as they are reserved for rare and life-threatening conditions caused 

by multi-drug resistant bacteria [128].   

3.3 Data Collection 

3.3.1 Data for quality of medicines 

For study I, we collected basic information of the medicines such as trade name, strength 

of dosage units, batch numbers, expiry date, and stated manufacturer from the labeling on 

the primary or secondary packages using a data collection form. To acquire the minimum 

amount of dosage units for conducting each of the required pharmaceutical tests, we 
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targeted to collect at least 80 dosage units from the sample container and transported the 

samples to the Kamuzu University of Health Sciences for quality analysis. Where the 

available stock at facility was low, fewer but more than 20 dosage units were collected.  

3.3.1.1 Visual inspection 

All the dosage units per sample were subjected to visual inspection guided by a checklist. 

This involved physically assessing each dosage unit for the presence of any defects such 

as non-uniformity of color, size and shape, or presence of breakages, cracks, abrasions and 

any visible microbial or particulate contaminants.  

3.3.1.2 GPHF MinilabÈ protocols 

 Three dosage units per sample were subjected to semi-quantitative analysis of the content 

of API using thin TLC according to the Global Pharma Health Fund (GPHF) minilabÈ 

protocols test [129]. Triplicate test samples were spotted on a TLC plate using a 2Õl 

capillary tube and compared with standard spotting of both 80% and 100% concentration 

on the same plate. A sample failed the test if at least one of the sample spotting presented 

a difference in terms of travel distance, size, and intensity of spot with reference to the 

standard spotting. Table 1 below indicates the conditions for running TLC using GPHF 

minilabÈ.  
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Table 1: Summary of analytical conditions used for GPHF Minilab test 

Medicine Sample Solvent Mobile phase Detection 

Amlodipine 5 or 10mg Methanol  Water: Acetonitrile: 

Acetic acid (50:25:25) 

UV light 

Amoxicillin 250 or 500mg Acetone Ethyl acetate: Acetic 

acid: Water (60:20:20) 

Iodine stain 

Atenolol 50mg Methanol Methanol: Ammonia 

(90:10) 

UV light 

Ciprofloxacin 250 or 

500mg 

Methanol  Methanol: Acetone: 

Toluene: Ammonia 

(50:12.5:12.5:25) 

UV light 

Enalapril 5 or 10mg Ethanol Acetic acid: Water: 

Butanol (15:25:60) 

UV light 

Glibenclamide 5mg Methanol: 

Ethyl acetate 

(50:50)  

Ethy acetate: Methanol: 

Toluene: ammonia (60: 

30: 5: 5) 

U/V light 

Gentamicin Water 13.5M ammonia: 

chloroform: methanol 

(1:1:1) 

Ninhydrin stain 

Hydrochlorothiazide 25mg Acetone Ethyl acetate U/V light 

Lumefantrine/artemether 

120mg/20mg 

Acetone Ethyl acetate: Acetic 

acid: Toluene (10: 

15:75) 

U/V light and 

Iodine stain 

Metformin 500mg Water Acetic acid: Butanol: 

water (10:40:50) 

U/V light 

Methyldopa 250mg Methanol Acetone: Acetic acid: 

Toluene: Water 

(25:25:25:25) 

Iodine stain 

Quinine 300mg Methanol Methanol: Ammonia 

(95:5) 
UV light 

Sulfadoxine/pyrimethamine 

500mg/50mg 
Methanol Ethyl acetate: 

Methanol (75:25) 
UV light and 

Iodine stain 

 
 

3.3.1.3 Disintegration time testing 

The ZT 31 ErwekaÈ instrument was used for disintegration time test. We used water as 

medium and a temperature of 37oC for all types of medicine samples. Six dosage units per 

sample were run for the test and all the dosage units were required to completely 

disintegrate (state at which no residue of dosage form is observed, except tablet or capsule 

coatings) within 30 minutes to pass the test.   
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3.3.1.4 Pharmacopeial assay methods 

Twenty dosage units per sample were subjected to a pharmacopeial assay. We used 

AgilentÈ 1120 High Performance Liquid Chromatography (HPLC) or BiobaseÈ Ultra-

violet/ Visible (UV/Vis) spectrophotometry according to methods provided in the British 

and Indian Pharmacopeia [130,131]. In general, all 20 dosage units were weighed 

individually and crushed into powder. An aliquot of the powder was weighed and dissolved 

into a suitable solvent and further diluted to a desirable concentration. For HPLC, standard 

drugs were prepared under similar conditions used for sample preparation. All samples 

were filtered using EDM PTFE MilliporeÈ filters, 0.45Õm filters before injecting for 

analysis.  

The amount of API present in the sample upon HPLC analysis was determined using the 

following equation: 

Ϸ ὨὩὸὩὶάὭὲὥὸὭέὲ έὪ ὨὶόὫ ὧέὲὸὩὲὸ ὖ; 

 Where At and As are the peak areas for the sample and standard solution respectively, Wt 

and Ws are the weights in final dilution of the sample and standard solution respectively 

and PM is the potency of the main ingredient for the reference standard. 

For U/V Vis assay, we used the following equation: 

Ϸ ὨὩὸὩὶάὭὲὥὸὭέὲ έὪ ὨὶόὫ ὧέὲὸὩὲὸ
 Ϸȟ

Ⱦ
ρππϷ; 

 Where At is the absorbance of the sample, Wt is the weight of sample in final dilution and 

A (1%,1cm) is the specific absorbance (defined as the maximum absorbance of 1% solution 

or 10mg/ml standard sample) at the pre-determined wavelength [132].  

Table 2 indicates the analytical conditions for each sample during assay analysis.  
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Table 2: Summary of HPLC assay methods used in the study 

Medicine sample Column 

type 

Mobile phase / Solvent* Flow rate Injection 

volume 

Detection ẹ  

Amoxicillin C18 25cm 

x4.6mmx5ɛm 

Mobile Phase A: Acetonitrile: 

Buffer (1:99) 

Mobile Phase B: Acetonitrile: 

Buffer (20:80) 

Buffer = 0.05M Potassium 

dihydrogen phosphate, PH 

adjusted to 5 using 2M sodium 

hydroxide 

(Mobile phase A:B =80:20) 

1ml/min 50Õl 254nm 

Medicine sample Column 

type 

Mobile phase / Solvent* Flow rate Injection 

volume 

Detection ẹ  

Benzylpenicillin C18 25cm 

x4.6mmx5ɛm 

Mobile phase A: 0.01M 

potassium dihydrogen 

phosphate 

Mobile phase B: Methanol 

(Mobile phase A:B =40:60) 

1ml/min 50Õl 225nm 

Ceftriaxone C18 25cm 

x4.6mmx5ɛm 

Mobile phase A: Acetonitrile: 

Buffer (1:99) 

Mobile phase B: Acetonitrile: 

Buffer (20:80) 

Buffer = 0.2M potassium 

dihydrogen phosphate, 

adjusted to PH 5 using sodium 

hydroxide 

(Mobile phase A:B =20:80) 

1ml/min 50Õl 254nm 

Medicine sample Column 

type 

Mobile phase / Solvent* Flow rate Injection 

volume 

Detection ẹ  

Atenolol*  Methanol   275nm 

Ciprofloxacin C18 25cm 

x4.6mmx5ɛm 

Mobile phase A: 0.245% 

orthophosphoric acid , adjusted 

to PH 3 

Mobile Phase B: Acetonitrile 

(Mobile phase A: B = 87:13) 

1.5ml/min 10ɛl 278nm 

Metformin*  Water   232nm 

Sulphadoxine/ 

pyrimethamine 

C18 25cm 

x4.6mmx5ɛm 

Mobile Phase A: 0.1% 

orthophosphoric acid 

Mobile Phase B: Acetonitrile 

(Mobile phase A: B = 55:45) 

1.2ml/min 10ɛl 254nm 

*  Applied U/V Vis Assay 
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3.3.1.5 Dissolution test methods 

We used PharmaTestÈ1200 dissolution apparatus to perform dissolution analysis 

according to methods provided in the British or International Pharmacopoeia [130,131]. 

Only amoxicillin, atenolol, ciprofloxacin, and metformin were subjected to dissolution test 

under the conditions stated in Table 3. For each medicine sample, the among of API 

dissolved was determined by the corresponding assay as indicated above.  

Table 3: Summary of Dissolution methods used in the study 

Medicine 

sample 

Dissolution 

apparatus 

Medium 

(Volume) 

Temperature 

/Speed 

Sampling 

time 

Amoxicillin Apparatus I Water (900ml) 37oC/75rmp 30 min 

Atenolol Apparatus II Water and 

Methanol 

(900ml) 

37oC/50rmp 45 min 

Ciprofloxacin Apparatus II Water (900ml) 37oC/50rmp 30 min 

Metformin Apparatus II 0.68% 

Potassium 

dihydrogen 

phosphate 

adjusted to PH 

6.8 by 1M 

NaOH (900ml) 

37oC/100rmp 30 min 
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3.4.1.6 List of laboratory reagents/chemicals 

Table 4: Sources of laboratory reagents and chemicals used in the study 

Name of reagent/chemical Name of manufacturer 

Country of 

Origin  

Triethylamine Fisher Chemicals 

United 

Kingdom 

Acetone Glassworld South Africa 

Acetonitrile Analytical grade Glassworld South Africa 

Acetonitrile HPLC grade Merck KGaA Germany 

Methanol Analytical grade Glassworld South Africa 

Methanol HPLC grade Merck KGaA Germany 

Orthophosporic acid 85% ACE Chemicals South Africa 

Potasium dihydrogen phosphate  ACE Chemicals South Africa 

Butan-1-ol Skylabs South Africa 

Buffer solution PH 4 Skylabs South Africa 

Buffer solution PH 7 Skylabs South Africa 

Glacial acetic acid HPLC grade Fisher Scientific 

United 

Kingdom 

Hydrochloric acid 32% Kayla Africa South Africa 

Sodium hydroxide pellets Spanlab India 

De-ionised water Suez® deionizer machine coupled with 

AU480 (Kamuzu University of Health 

Sciences) 

Malawi 

Trifluoroacetic acid Merck KGaA Germany 

Ciprofloxacin standard (>98%) Tokyo Chemical Company Japan 

Amoxicillin standard (>98%) Tokyo Chemical Company Japan 

Sulphadoxine standard (>98%) Tokyo Chemical Company Japan 

Pyrimethamine standard (>98%) Tokyo Chemical Company Japan 

Benzylpenicillin standard (>98%) Tokyo Chemical Company Japan 

Ceftriaxone standard (>98%) Tokyo Chemical Company Japan 

Ammonia solution 25%  Skylabs South Africa 

Toluene Merck KGaA Germany 

Ethyl acetate Skylabs South Africa 
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3.3.2 Data for medicine availability 

For study II (Objective I only), we reviewed stock cards in medicine storage facilities to 

collect data on the availability of 16 targeted antibiotic medicines on the day of data 

collection (point availability) and over the past six months using a structured questionnaire. 

The overall stock out of antibiotic medicines was calculated using as n/N*100, where n is 

the number of medicines available within the therapeutic category and N is the total number 

of medicines that should be available as per the list of medicines prepared. This formula 

has also been applied in other similar studies [133,134].  For stock out duration for each 

antibiotic medicine, we calculated the days which were recording a zero stock at hand in 

the stock card records. 

3.3.3 Patient data 

For study II (Objective II and III), study III and IV, we abstracted demographics and clinical 

data such as patient diagnosis and prescribed medicines from case management files of 

eligible patients. The data was collected by the primary investigator who is a registered 

pharmacist with special training on the detection and assessment of ADRs. He was assisted 

by clinicians and other pharmacists in the study sites. For each of the facilities, there were 

at least a medical doctor and two pharmacy personnel (pharmacist and pharmacy technician 

who are holders of degree and diploma in pharmacy respectively) who were trained in 

pharmacovigilance and oriented on the study protocol. The clinicians were mainly 

consulted to clarify on the clinical assessments and interpret any laboratory tests conducted. 

The pharmacovigilance team lead in Malawi was also consulted during assessment of 

cases. The facilities use a robust health management information system (HMIS) where 
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responsible officers assemble all discharged filed and systematically arranges them by 

wards, thus making the access and retrieval of the required data simple.  

 Antibiotic treatment was compared with treatment protocols in of the 2015 edition of 

Malawi Standard Treatment Guidelines (which was the latest during the period of study) 

for the specified diagnosis to assess for adherence to treatment guidelines. We considered 

non-adherence to guidelines if the patient was prescribed and administered a medicine 

other than the one recommended in the MSTG for the stated diagnosis in the absence of a 

clear contraindication for the recommended medicine. 

We further applied the global trigger tool (appendix I) for the detection of adverse events 

(AEs). This tool was developed by the Institute for Healthcare Improvement (IHI) in the 

United States of America to help optimize the retrospective detection of adverse events 

using inpatient hospital records. It applies the use of certain triggers or clues such as 

switching or ordering of new medicines, abnormal laboratory results, and changes in 

patient prognosis [80]. We used the WHO definition of an ADR; óa response to a drug that 

is noxious and unintended and occurs at doses normally used in man for prophylaxis, 

diagnosis, or therapy of a disease or for modification of physiological functionô [81]. This 

definition is applied in most of similar studies [135] as it excludes events that occur when 

the product is used outside the terms of marketing authorization and occupational exposure 

[135]. Suspected adverse drug reactions (sADRs) were identified by searching for triggers 

such as administration of anti-emetic medicines, and any documented events that were 

experienced by patients after administration of antibiotic medicines. All suspected ADRs 

(sADRs) were assessed using various tools as indicated in Figure 3.  
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Figure 3: Tools used for assessment of suspected adverse drug reactions 

Firstly, sADRs were subjected to causality assessment using Naranjo criteria (appendix 

II) [136]. The Naranjo criteria is an algorithmic causality assessment tool that uses 

weighted questions to categorize AEs as definite, probable, possible and unlikely or 

doubtful ADRs based on the gathered clinical and drug information [137]. The algorithm 

was developed in line with the Bradford Hill criteria for establishing a causal association 

in observational studies [138]. It is one of the most widely used causality assessment tool 

and applied in several studies [95,126,139ï142] due to its simplicity and clarity of use, and 

reduced inter- and intra-rate dissimilarity [143,144].  A list of 10 questions is included in 

the algorithm to assess certain aspects such as temporal plausibility for drug exposure, 

consistency, specificity, biological plausibility of the event and other related patient 

characteristics [139]. The answers to the questions are either óyesô, ónoô or ódonôt knowô, 

with scores for each answer being -1, 0, +1 or +2. Table 5 shows a list of questions used 
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in the Naranjo causality assessment tool, their corresponding scores and interpretation of 

the scores.   

Table 5: Naranjo criteria for assessment of suspected adverse drug reactions 

Question Yes No 
Do Not 

Know 
Score 

1.  Are there previous conclusive reports on this reaction? 1 0 0   

2. Did the adverse event appear after the suspected drug 

was administered? 
2 -1 0   

3. Did the adverse event improve when the drug was 

discontinued, or a specific antagonist was administered? 
1 0 0   

4. Did the adverse event reappear when the drug was 

readministered? 
2 -1 0   

5. Are there alternative causes that could on their own 

have caused the reaction? 
-1 2 0   

6. Did the reaction reappear when a placebo was given? -1 1 0   

7. Was the drug detected in blood or other fluids in 

concentrations known to be toxic? 
1 0 0   

8. Was the reaction more severe when the dose was 

increased or less severe when the dose was 
1 0 0   

9. Did the patient have a similar reaction to the same or 

similar drugs in any previous exposure? 
1 0 0   

10. Was the adverse event confirmed by any objective 

evidence? 
1 0 0   

  Total Score: 

Interpretation of scores:  

Ó9 = Definite: The reaction (1) followed a reasonable temporal sequence after a drug or 

in which a toxic drug level had been established in body fluids or tissues, (2) followed a 

recognized response to the suspected drug, and (3) was confirmed by improvement on 

withdrawing the drug and reappeared on re-exposure. 

5 ï 8 = Probable: The reaction (1) followed a reasonable temporal sequence after a drug, 

(2) followed a recognized response to the suspected drug, (3) was confirmed by 
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withdrawal but not by exposure to the drug, and (4) could not be reasonably explained by 

the known characteristics of the patientôs clinical state. 

1-4 = Possible: The reaction (1) followed a temporal sequence after a drug, (2) possibly 

followed a recognized pattern to the suspected drug, and (3) could be explained by 

characteristics of the patientôs disease. 

0 = Doubtful/ unlikely: The reaction was likely related to factors other than a drug.  

  

We used the WHO classification for seriousness of sADRs (appendix III).  These criteria 

classify an ADR as either serious or non-serious. A serious sADR is described as an event 

that either causes death of patient, is life-threatening, is permanently or significantly 

disabling, requires or prolongs hospitalization, causes a congenital anomaly, requires a 

medical intervention to prevent impairment or permanent damage, or other medically 

important conditions [145,146]. Globally, the WHO classification for seriousness is also 

applied in signal prioritization and for determining which sADRs are reportable to the 

national PV centre [146,147].   

Preventability was based on the Schumock and Thornton scale (appendix IV). The 

Shumock and Thornton scale has been used in various studies [141,142,147,148] to classify 

ADRs as either preventable or not preventable. It consists of seven questions with 

dichotomous answers (Yes or No) which seeks to establish the appropriateness of the 

administered drug, dosage and route of administration, performance of required therapeutic 

monitoring for medicines with known risks, documentation of previously occurred type B 

ADRs including allergies, involvement of a drug-drug interaction, and adherence to 

treatment [149]. The ADR is classified as preventable if any of the answers to the questions 

is a óYesô. The seven questions applied in the Shumock and Thornton scale are as follows: 
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1. Was the drug involved in the ADR not considered appropriate for the patientôs 

clinical condition? 

2. Was the dose, route, and frequency of administration not considered appropriate 

for the patient age, weight, and disease state? 

3. Was required therapeutic drug monitoring or any other necessary laboratory test 

not performed? 

4. Was there history of allergy or previous reaction to the drug? 

5. Was a drug interaction involved in this reaction? 

6. Was a toxic serum drug level documented? 

7. Was poor compliance involved in this reaction? 

3.4 Statistical analysis 

All data were entered into Microsoft excel and exported to STATA version 14.1 for 

statistical analysis. Descriptive statistics were presented in terms of means, medians, 

interquartile ranges, frequencies, and percentages. We used skewness and kurtosis tests and 

histogram plots to assess the normality of numerical data. The studentôs t-test and 

Wilcoxon-Mann-Whitney test were used to assess mean differences between groups for 

normal and non-normal variables respectively. Chi square test or fisherôs exact test 

(depending on sample size and cell numbers) were used to determine the association 

between various categorical variables. To further assess the strength of association between 

variables, we applied logistic regression analysis. We used both univariate and multivariate 

analysis where odds ratios were adjusted by controlling for potential confounding 

variables. A P value of < 0.05 was considered statistically significant.    
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CHAPTER 4 RESULTS 

4.0 Chapter Overview 

This chapter presents the findings of this thesis. The results are in the form of three 

published papers and one manuscript which was submitted to a peer reviewed journal.  

4.1 Burden of and factors associated with poor quality antibiotic, antimalarial, 

antihypertensive and antidiabetic medicines in Malawi  

4.1.1 Overview of the paper 

This paper presents findings of the cross-sectional assessment on quality of antibiotics, 

antimalarials, antihypertensives and antidiabetic medicines. In brief, we found that the 

prevalence of substandard medicines is in line with the WHO estimates for LMICs. By 

medicine classes, the prevalence of substandard antibiotics was higher as compared with 

the other medicine classes. The substandard medicines were associated with local 

manufacturing and bulk plastic packaging. We therefore recommend to the Ministry of 

Health to increase awareness on SF medicines and allocation of resources for strengthening 

pharmaceutical quality assurance systems at the PMRA, Central Medicine Stores Trust 

(CMST) and all health facilities in the country.  
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